T Cell Receptor (TCR) engagement, co-stimulatory signals, and the presence of inflammatory cytokines. These signals are sensed by mTOR. Once activated, mTOR interacts with and influences T cell signaling pathways essential in regulating cell differentiation, proliferation, survival and metabolism. Multiple agonists (TCR engagement and co-stimulation, growths factors, and cytokines) regulate T cell fate by acting on cell surface plasma membrane receptors and stimulating mTOR through the activation of PI3K-AKT and the Ras-ERK-RSK signaling pathways [1] .
PI3K/mTOR signaling has been shown to promote effector T cell activation and differentiation, and our group and others have demonstrated the reorganization of this pathway during the differentiation of naive T cells into functional suppressor Tregs [4, 5] . Indeed, T cell specific loss of mTOR correlates with a diminished generation of effector Th1, Th2 and Th17 cells, and enhanced generation of Tregs. Tregs play a major role in the prevention of autoimmunity by suppressing T cell responses to self-antigens and by limiting the response to foreign antigens. These cells consistently express high levels of the cell surface IL-2 Receptor (IL-2R) α-chain (CD25) and the forkhead family transcription regulator, Foxp3. Rapamycin and its analogs (rapalogs) promote tolerance in experimental models by favoring Treg-dependent suppression in human T cells, and are currently being used to prevent rejection in solid organ transplantation [6, 7] .
As mTOR is emerging as a critical regulator of the balance between regulatory and effector T cells, there is increasing interest in the development of molecular-targeted therapies that control upstream and downstream events of mTOR activities. The focus of our manuscript is to describe the contrasting role of mTOR in effector versus Treg cells and the clinical implications of its inhibition.
Introduction
Appropriate T cell Activation Requires Three Major Signals:
Special Issue: Signal Transduction Mechanisms mTOR structure and complexes
The TORs are large proteins (~ 250kDa) belonging to the phosphatidylinositol kinase-related kinase family (PIKK), which are characterized by a carboxy-terminal serine/ threonine kinase domain similar in sequence to that found in the phosphatidylinositol 3-kinases [8] . At its amino-terminal, mTOR contains 20 HEAT (Huntington, EF3, A subunit of PP2A, TOR1) repeats, which function as protein interaction sites, followed by a large central FAT (FRAP, ATM, TRAP) domain. Toward the carboxy-terminal, mTOR includes a FRB (FKB12-rapamycin binding) domain, a kinase domain and a second FAT domain called the FATC domain (FAT C-terminus) [9] [ Figure 1A ].
In mammalian cells, mTOR exists as the catalytic subunit of two structurally and functionally different complexes, mTORC1 and mTORC2. Each is distinguished by a unique protein essential for assembly of the complex, binding substrate, and regulation [2] . In mTORC1, that protein is Raptor (regulatory protein associated with mTOR) while in mTORC2 it is Rictor (Rapamycin-insensitive companion of mTOR) [3, 10] . Other components are also unique to each complex: mTORC1 contains PRAS40 (Proline-rich AKT/ PKB substrate 40 kDa), which acts as a negative regulator of mTOR [11] while mTORC2 contains Protor and mSIN1, both of which appear to play a role in downstream events [12, 15] . In addition to these unique proteins, both complexes share mLST8 and Deptor [2] [ Figure 1B ]. mTOR signaling mTORC1 integrates information from multiple pathways, including growth factors, nutrients, oxygen, and energy status. The interplay of these complex signals converges to promote cell growth and proliferation by increasing anabolic processes like protein and lipid synthesis and decreasing catabolic processes like autophagy [14] . Much of what is known about mTORC1 arose from studies using rapamycin, which binds to the FRB domain of mTOR along with FKBP12 (FK506-binding protein of 12 kDa) and inhibits its function [15] . mTORC1 is thus known as the rapamycin-sensitive complex. Compared to mTORC1, relatively little is known about the regulation of mTORC2. To categorize mTORC2 as a rapamycin-insensitive complex is a slight misnomer due to rapamycin's ability to inhibit mTORC2 at high dose and/or after prolonged use [16] . When activated, mTORC2 phosphorylates the kinase AKT at Serine 473 and induces its full activation [17] . Since AKT is also upstream activator of mTORC1 [18] , AKT activation has an important role in mTORC1-mTORC2 crosstalk as one of the multiple intertwined bioloops that regulate mTOR activity. The general consensus suggests that mTORC2 is activated by growth factors, and that this complex plays a role in rearrangement of the cytoskeleton and in cell cycle progression,
The Yin-Yang of mTORC1 and mTORC2
Upstream and downstream events of mTORC1
The tuberous sclerosis complex, a heterodimer comprised of TSC1 and TSC2, is the point at which signals from several different cellular pathways are integrated in the regulation of mTORC1. TSC1/2 acts as a GTPase-activating protein (GAP) towards Rheb, promoting the hydrolysis of Rheb bound to GTP, and converting it to an inactive, GDP bound state. TSC1/2 therefore functions as a negative regulator of mTORC1 [19, 20] . When Rheb is in an active GTP bound state, its translocation to the cell membrane stimulates mTORC1-mediated signaling [19] .
Regulation of the TSC complex is primarily mediated by two major signaling pathways: the PI3K-AKT and the RAS-ERK axis. Binding of insulin or other growth factors or cytokines to their cell-surface receptors activates PI3K, which results in the activation of AKT. AKT then directly phosphorylates TSC2 on several residues, there by inhibiting its GAP activity for Rheb and allowing activation of mTORC1 [21] . AKT also directly phosphorylates PRAS40, relieving its inhibition of mTORC1 [22] . The tumor suppressor PTEN (phosphatase and tensin homolog deleted on chromosome 10) opposes the activity of PI3K and negatively regulates this pathway [22] . Alternatively, growth factor-induced RAS-ERK pathway can activate mTORC1 through ERK and RSK-mediated phosphorylation of TSC2 and/or Raptor [23] . Other pathways including TNF and Wnt/β-catenin signaling have also been described as extracellular upstream regulators of mTORC1 [24] . Likewise, AMPK signaling inhibits mTORC1 when Other signaling pathways also affect mTORC1 that are not depicted here, including Wnt and TNF-alpha. The signaling pathways are not as well elucidated for mTOR complex 2 (mTORC2). It is thought to be activated by growth factors through a PI3K pathway that differs from that of mTORC1. Downstream, mTORC2 activates Akt, putting it upstream of mTORC1 signaling, and SGK1, both of which influence metabolism, survival, growth, and proliferation. mTORC2 also influences cytoskeletal organization through activation of Paxillin, PKC-alpha, Rho, and Rac1
Activated mTORC1 acts on a broad range of downstream substrates [15] . One mechanism by which mTORC1 induces protein synthesis is through inhibition of the eukaryotic initiation factor 4E binding protein 1 (4E-BP1), which itself acts as a translation inhibitor [27] . Another major downstream target of mTORC1 is the p70 ribosomal S6 kinase (S6K). When activated, S6K upregulates protein translation and elongation, mRNA synthesis, and ribosome biogenesis [2, 27] . In a regulatory feedback loop, S6K also acts upstream of mTORC1 by inhibiting PI3K activation and rebalancing mTOR activity [15, 28, 29] . In this context, the preferential short-term inhibition of mTORC1 by rapamycin and the subsequent loss of the S6K negative feedback loop may lead to unexpected secondary effects such as hyperactivation of AKT and induction of mTORC2 downstream effects.
Upstream and downstream of mTORC2
The activation of mTORC2 is significantly less well understood than that of mTORC1. Early studies demonstrated that mTORC2 was activated by insulin via the PI3K pathway, but signaling steps beyond PI3K are distinct from mTORC1 activation and have mostly remained unclear. Recent studies have implicated ribosomal binding of mTORC2 and ER stress in mTORC2 signaling, but further studies are needed to fully understand the signaling inputs to mTORC2 [30, 31] .
Similarly, not much is known regarding the downstream effects of mTORC2 and its role in the regulation of cellular functions. mTORC2 controls the actin cytoskeleton by promoting the activation of the ACG kinase protein kinase C-alpha (PKCα), inducing GTP loading of the GTPases Rho and Rac1, and the phosphorylation and relocalization of paxillin [10] . Along with PKCα, mTORC2 also activates two other members of the AGC family of kinases-SGK1 and AKT. Some of the main downstream effects of mTORC2 are caused by its inhibition of the transcription repressors FOXO1 and FOXO3 (Forkhead box O1/O3). mTORC1 and mTORC2 activities are affected by crossregulatory loops promoted by downstream events of both complexes. As previously mentioned, one important mechanism of cross-talk involves mTOR regulation of AKT. mTORC2 phosphorylates AKT at serine 473, which, together with the phosphorylation at threonine 308 (PI3K-dependent activation of PDK1), is needed for complete AKT activity [17] . Physiological or pharmacological inhibition of mTORC1 (by Deptor in cancer cells or by rapamycin) may indirectly promote the activation of AKT by relieving the negative feedback of S6K on PI3K [32] . The complexities of the mTORC1 and mTORC2 signaling and crosstalk have been excellently and thoroughly reviewed in recent publications [2, 15, 33, 34] .
mTOR signaling on T cell fate decisions
Naive mature T cells circulate in the periphery in a quiescent state characterized by small size and exit from active division (G0). Regular engagement of the TCR with self-peptide presented by MHC, and the antiapoptotic interaction of IL-7 with IL-7R, promote survival of these cells in this resting state [35] . In quiescent T cells, homeostasis and the initial TCR-mediated cytokine production are surprisingly independent of mTOR signaling [36] . Deficiency of TSC1 is highly disruptive of naive T cell homeostasis, which indicates the important role of TSC1 and the requirement of low functional mTORC1 during T cell quiescence [37, 38] .
Recognition of foreign antigen is necessary to activate effector T cells, but engagement of the TCR with the antigen: MHC complex alone (signal 1) is not sufficient for activation. Rather, co-stimulation with a second signal (signal 2) like CD28 is required for full activation, which induces the production of IL-2 necessary for T cell activation and proliferation (signal 3) [31] . In the absence of signal 2, signal 1 alone induces a T cell anergic state, characterized by hypo responsiveness to secondary TCR stimulation [39] . Anergy is likely among the most prominent mechanisms in controlling peripheral tolerance to self-antigen. Engagement of the TCR can induce low-level activation of mTOR through the PI3K pathway, but this is amplified by signal 2, which strongly activates the PI3K/ AKT/ mTOR axis [40] .
Previous studies indicated that mTOR inhibition with rapamycin induces T cell anergy even in the presence of costimulation, thus highlighting the importance of mTOR signaling in effective T cell activation [35] . In contrast, recent studies support that the absence of mTOR does not alter the TCR-induced signaling cascade and the ability of naive T cells to produce IL-2. The same naive T cells fail to differentiate into an effector cells under skewing conditions both in vitro and in vivo [37] .
The role of mTOR in effector T cells
The activation status of the cell and the integration of multiple signals from the local environment determine the intensity, duration and type of mTOR signaling [41] . During TCR activation, naive CD4 + T cells can differentiate into effector Th1, Th2, or Th17 cells or suppressor iTregs depending on the particular cytokine milieu where the activation occurs. An environment rich in IL-12 and IFN-γ will likely produce Th1 cells, while the presence of IL-6, IL-21, and TGF-β will skew differentiation towards the production of Th17cells [42] . Though quite different in their functions, Th1 and Th17 cells share a common intracellular signaling pathway; and the differentiation of each of them requires signaling via the mTORC1 complex [43] . In contrast, there are conflicting reports on the role of mTORC2 in Th1 differentiation. A study by Lee et al. [44] reported that naive T cells are unable to differentiate into the Th1 lineage when deficient in Rictor or Rheb, although later studies indicate otherwise [45] . There is consensus that Th2 cells fail to differentiate in the absence of Rictor but develop normally in the absence of Rheb, pointing to mTORC2 rather than mTORC1 as key regulator of Th2 differentiation [43, 44] .
The role of mTOR in treg cells
Treg cells are critical in toning down the immune response to prevent a pathological inflammatory response or autoimmunity [46] . Though it became clear they existed decades ago, it was not until 2003 that the phenotype of suppressor Treg cells was characterized as CD4
, although none of these markers are exclusively expressed in Tregs. Tregs express, among others, cytotoxic T lymphocyte antigen 4 (CTLA4) and glucocorticoid-induced necrosis factor receptor (GITR), but do not express the IL-7 receptor (CD127) [47] . Tregs comprise only a small percentage of the T cells in the body (5-10%), but they are absolutely necessary for immune homeostasis.
Treg cells exist in two phenotypically indistinguishable yet distinct subtypes that differ in their origin: natural Tregs (nTregs) and induced Tregs (iTregs). nTregs develop in the thymus, mainly in response to self-antigens and require high affinity interactions between the TCR and peptide: MHC with CD28 co-stimulation. iTregs develop from naive CD4+CD25-T cells in the periphery [48] , and their repertoire is more specific for foreign antigens [49] . In contrast to nTregs, iTregs have a lower activation threshold for TCR stimulation and have no requirement for CD28 co-stimulation, although they require IL-2 and TGF-β signals. The differences in antigen-recognition between nTregs (self-antigen) and iTregs (foreign) may partially account for their distinct regulatory activities, with nTregs preferentially involved in preserving self-tolerance and functionally active iTregs present at inflammatory sites [49, 50] . Unlike effector T cells, Tregs demonstrate a low level of mTOR activity throughout their lives [51] . In fact, their development occurs in conditions that promote minimal mTOR activity, such as low affinity or brief TCR binding and stimulation [52, 53] .
Emerging data suggest that the number and function of Tregs in humans are maintained even in senescence [54] , supporting the relevance of those peripherally developed iTregs. Recent evidence emphasizes the functional plasticity of T cells. In this context, iTregs can be generated from Th1, Th2, and Th17 effector cells as well as from naive cells [55, 56] . Our group has demonstrated that human primary naive CD4 + T cells differentiate into Tregs only after multiple rounds of cell division and re-configuration of the PI3K/ AKT/ mTOR pathway [2, 3] . This is similar to the "two-step differentiation model" proposed by Guo et al. [57] according to which the initial TCR-dependent conditioning step induces the expression of CD25 and "primes" the cell to efficiently respond to the second "cytokine-dependent" phase that results in the acquisition of the Treg phenotype. Several signals have been described to govern the generation, function and stability of Treg cells. Smad3 plays a critical role in promoting regulatory T cell differentiation. TGF-β signaling activates Smad3 which, along with mTOR-induced NF-AT, contributes to the induction of Foxp3 by promoting acetylation of the FOXP3 enhancer. mTOR plays simultaneous roles of inducing specific effector T cell differentiation by enhancing STAT activation and inhibiting Smad3 phosphorylation. Delgoffe et al. [36] suggested that in the presence of active mTOR, TCR engaged T cells display normal IL-2 production and differentiate towards Th1, Th2 and Th17. However, the absence of mTOR leads to induction of functionally stable Treg cells. The authors propose that in the absence of mTOR, mTORC2-mediated activation of AKT is absent, resulting in hyper phosphorylation of Smad3. Our laboratory has shown that the expression of AKT protein is substantially higher in the Treg subpopulation when compared to conventional T cells, likely due to the increased stability of non-active AKT. Moreover, this low-active AKT in Tregs coimmunoprecipitates with Smad3, suggesting a new level of crosstalk between the TFG-β and TCR pathways in iTregs (data not published).
Critical among the signals that guide the development and function of Tregs are also those mediated by IL-2R, as an increase in this pathway has been associated with an accumulation of Treg cells in vivo [58] . Among the signals activated via IL-2R, the phosphorylation of the transcription factor STAT5 appears to play a key role in the generation and expansion of Treg cells. IL-2 also initiates signaling through PI3K. Tregs express high levels of PTEN, the main negative regulator of PI3K suggesting a restrained activation of PI3K signaling. Huynh et al. [59] demonstrated that PTEN-mediated control of PI3K activity is critical for the stability of mouse Tregs. Using a PTEN-deficient mouse model, specifically in the Foxp3 + population, they found that decreased control of PI3K activity led to the accumulation of transient Foxp3 Other mTOR-dependent pathways may negatively regulate Foxp3 expression. The FOXO transcription factors directly bind to the Foxp3 promoter, and they are inactivated by mTORC2-dependent, AKT-mediated phosphorylation. Moreover, the expression of the constitutively active form of AKT in Treg cells has been associated with a diminished Treg cell gene signature, including reduced expression of Foxp3 and IL2ra (IL-2R α subunit CD25) [60] . The fact that an increase in Tregs was observed following deletion of mTOR but not in the Rheb and Rictor T cell conditional knockouts suggests that loss of both of these pathways is necessary to enhance the generation of Tregs [43] . In the same context, the rapamycin-induced blockage of mTOR signaling also generates Tregs through induction of Foxp3 expression regardless of the presence of effector T cell skewing cytokines and strong TCR engagement.
The above-mentioned balance of the feedback loops between mTORC1 and mTORC2 may impact the effects of rapamycinbased therapy, which was initially described as a selective allosteric inhibitor of mTORC1. Blocking the mTORC1-dependent S6K activation stops the negative feedback loop over PI3K, which leads to hyper activation of AKT. Therefore, the single targeting of mTOR has to be carefully addressed in a cell type-specific, time and concentration dependent-manner.
mTOR as a mediator of the metabolism of proliferating T cells
In contrast to the rather well characterized intracellular signaling cascades, the role of cytokine-induced metabolic changes in T cell fate and function have been recognized only recently [61] . mTOR is known to play a key role in integrating signals that respond to nutrient availability and growth factors from the extracellular environment and to adjust the cell's metabolism accordingly.
In the quiescent metabolic state of naive T cells, the low activity of mTOR correlates with the mitochondrial fatty acid oxidation as the primary energy source of the cell [62] . Upon effective antigen recognition, the clonal expansion of antigenprimed T cells demands the sudden increase in aerobic glycolysis to support their new energetic and anabolic demands. This preferential metabolic circuitry in functionally active T cells is similar to the aerobic glycolysis of cancer cells, a phenomenon known as the Warburg effect. Recent studies have identified specific signaling events and transcription factors involved in the coordination of cell proliferation and metabolism in activated T cells that might dictate the outcome of adaptive immune responses. Likewise, there is a growing body of evidence coupling the plasticity of cell metabolism and bioenergetic pathways with T cell fate lineage decisions. PI3K/ mTOR signaling plays a central role in the metabolic regulation of effector T cell activation and differentiation.
The activation of antigen-engaged naive T cells requires a rapid mTORC1-dependent readjustment of the metabolic machinery towards glycolysis [63] . The glycolytic switch in antigen-experienced cells is mTORC2-dependent [64] . These findings depict a model of evolving mTOR-complex prevalence in the regulation of effector T cell responses and emphasize the key role of mTOR activity in the metabolic reprogramming of T cells. The integration of T cell metabolism and function is especially relevant for the maintenance of the immune homeostasis between effector and regulatory T cell function. While proinflammatory effector Th1, Th2 and Th17 activities rely mostly on glycolysis to meet the cell energy demands, both natural and iTreg cells and CD8 + memory T cells do not primarily use glycolysis for energy generation and instead rely on fatty acid metabolism [65] . Compared to effector T cells, memory T cells have enhanced mitochondrial spare respiratory capacity and greater mitochondrial mass than naive T cells, which provides the extra energy necessary to promote survival [65] [66] [67] . Targeting cell metabolism is envisioned as a novel therapeutic strategy in cancer but is also emerging as an attractive immunotherapeutic approach [ Figure 3 ].
Perspectives of pharmacological targeting of mTor signaling pathway on treg development
The physiologic relevance and potential involvement of the mTOR pathway as the facilitator of T cell lineage commitment in several pathological conditions have attracted major interest as a pharmacological target. Inhibition or deficiency in this pathway may lead to acquisition or increase of suppressor Treg function, and attracted interest as pharmacological target in autoimmune disease, transplantation and graft versus host disease (GVHD).
Rapamycin promotes de novo expression of Foxp3 in naive T cells, and it has demonstrable beneficial effects on the survival and proliferation of Tregs in vivo and in vitro [6, 7] . As a result, rapamycin inhibits effector T cell proliferation but promotes Treg accumulation. As previously mentioned, the preferential inhibition of mTORC1 by rapamycin may lead to non-desirable effects such as losing the inhibitory effect of S6K over PI3K-induced AKT activation. Alternative therapeutic strategies have been proposed that combine mTOR inhibition and upstream PI3K/AKT inactivation in cancer [68] .
One of the limitations in developing Treg-based therapies is the low frequency of circulating Tregs, especially antigen-specific Tregs, and the unfavorable ex vivo expansion properties. However, recent technical advances in ex vivo expansion regimens of nTregs or generation of iTregs have made it feasible to reconsider Treg therapies [69] [70] [71] . Ex vivo conversion of CD4 +
CD25
− naive T cells into iTregs with suppressor function represents an alternative strategy to ex vivo nTreg isolation and expansion. Our group [4] and others have shown that Treg culture media with relative low dose of IL-2 in the presence of rapamycin resulted in a steady and consistent growth of Treg cells essentially free of contaminating non-Tregs. The high degree of plasticity and insufficient number of antigen-specific Tregs that can be obtained with ex-vivo expansion still represents major challenges associated with the infusion of human Tregs in clinical practice.
Several phase I trials have been conducted to assess their effect on GVHD following hematopoietic stem cell transplantation (HSCT) and in type I diabetes [72] . The first human trial employing adoptive transfer of nTregs to suppress GVHD was reported by Edinger et al. [73] treating five HSCT recipients with fresh, bead-purified donor nTregs. The authors reported no infusional toxicity, increase in infection rate or GVHD. A similar study using purified nTregs was performed in 2008 by Di Ianni et al. [74] to evaluate the effect of these cells on GVHD prevention in 28 patients. nTregs were infused into patients three days prior to CD34
+ cells supplemented with frozen/thawed mature donor T cells in the absence of any post-transplant immunosuppression. The authors showed that adoptive transfer of Tregs prevented GVHD, promoted lymphoid reconstitution and enhanced immunity to opportunistic infections. Trzonkowski et al. [75] used sort-purified nTregs (CD4 
FoxP3
+ Treg enrichment from cryopreserved umbilical cord blood (UCB), and evaluated the safety profile of these cells in 23 patients. The authors reported no infusional toxicities with a reduced incidence of acute GVHD when compared to control subjects. These initial clinical trials evaluating the safety and efficacy of Tregs in treating GVHD demonstrate promising safety and potentially efficacy profiles and increase the interest to consider wider applications of Treg-based therapy in other diseases including autoimmunity and solid organ transplantation [77, 78] .
Beta-cell specific auto reactive T cells can be found in patients with Type I Diabetes (T1D) and in healthy controls, and are usually controlled by a network of regulatory mechanisms including Treg cells. Increasing the number of Tregs by adoptive transfer can be used to prevent and treat even established T1D [79] . Putnam et al. [80] isolated Tregs from recent-onset T1D patients and healthy control subjects by fluorescence-activated cell sorting and compared their capacity to expand in vitro. The authors found that expansion of CD4 +
CD127
lo/-cells required the addition of rapamycin to maintain lineage purity. In contrast, expansion of CD4
+

CD127
lo/-CD25 + T-cells, resulted in high yield, functional Tregs that maintained higher Foxp3 expression in the absence of rapamycin. Tregs from T1D patients and control subjects expanded similarly and were equally capable of suppressing T-cell proliferation. Pre-clinical data support that low dose IL-2 drives tolerance via Treg activation and that the IL-2/IL-2R axis is impaired in T1D [81] . Rapamycin/ IL-2 combination treatment of NOD mice effectively treats autoimmune diabetes [82] . Based on these findings, Long et al. [83] performed a phase 1 clinical trial to test the safety and immunologic effects of rapamycin/ IL-2 combination therapy in T1D patients. Nine subjects were treated with rapamycin for three months and IL-2 for one month. The authors found that Treg cells transiently increased within the first month of therapy, although the response of these cells to IL-2 (as measured by STAT5 phosphorylation) improved and persisted after treatment. Notably, clinical and metabolic data demonstrated a transient worsening in all subjects.
In solid organ transplantation, a growing body of evidence recognizes the balance between graft-reactive effector cells and graft-protective suppressor Tregs as the ultimate determinant of long-term allograft survival, in which mTOR pharmacological inhibition may play a role [84] . Higher levels of circulating Tregs have been linked to better outcomes and higher percentages of Tregs within T cell infiltrates in transplant biopsies and have been also correlated with better function of transplanted organs [85, 86] . In 2013, Yamashita et al. [87] reported the administration of in vitro generated iTregs to 10 patients undergoing liver transplantation. Administration of these cells was safe and appeared to facilitate early weaning of immunesuppression in half of the patients. These findings are promising but preliminary, and long-term outcomes in large cohorts should be evaluated to determine the real benefit of Treg-based therapy in solid organ transplantation. Funded by the European Commission's Seventh Framework, the ONE Study, currently underway, is a Phase I/ IIa clinical trial designed to test the safety and practicality of seven different regulatory cell populations in living donor kidney transplantation [88] .
A deeper understanding of the activity of mTOR in regulatory T cells will help elucidate the uniqueness of this signaling and will open novel doors toward therapeutic manipulation of Tregs. Treg-based cellular therapy has not caused any infusional toxicity and it has established a limited safety record with regard to risk of infection, relapse or early mortality. However, efficacy data is still currently lacking.
In summary, the mTOR signaling pathway is critical in T cell fate decisions that promote a reduction of effector T cells and differentiation and expansion of regulatory T cells. A better understanding of the complexities of the PI3K/ AKT/ mTOR pathway in the regulation of T cells will be essential in designing novel therapeutic strategies for future applications in cancer, immunology/ allergy and clinical transplantation.
